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Chapter 1 
Introduction 
When civil engineering structures are subjected to sufficiently high dynamic loads it is well 
known that some kind of damage will occur somewhere in the structure. In RC-structures the 
damage may start as cracking developing into crushing of concrete and yielding of reinforcement. 
The damage may be highly localized or more spread out in the structure. During an earthquake 
both types of damage may develop in the structure and there is a need for methods to assess 
the damage in the structure. The traditional way of assessing damage in RC-structures is by 
visual inspection of the structure by measuring cracks, permanent deformations , etc. This is 
often very cumbersome, since panels and other walls covering beams and columns need to be 
removed. Furthermore, internal damage such as bond slippage can be very difficult to determine 
by visual inspection. However, a much more attractive method is measuring of the structural 
response at a given location of the structure. From this response time series, damage indicators 
based on e.g. changes in dynamic characteristics, accumulated dissipated energy, low cycle 
fatigue models, stiffness or flexibility changes etc. can be calculated. In the literature several 
methods for damage assessment from measured responses has been presented during the last 2 
decades, see Banon et al. [1] Stubbs et al. [55], Penny et al., [35], Casas [6], DiPasquale et al. 
[8], Hassiotis et al. [12] , Kirkegaard et al. [14], Koh et al. [18], Pandey et al. [30), Park et al. 
[31], Penny et al. [35], Reinhorn et al. [36], Rodriguez-Gomes [37], Skjcerbcek et al. [42], [43], 
[44], Stephens et al. [52], [53], [54] and Vestroni et al. [60]. 
The motivation for performing earthquake experiments on a 1:5 scale 6-storey, 2-bay model test 
frame is to provide data for verification and validation of these methods for non-destructive 
damage assessment of RC-frames based on one or more measured reponses of the structure. 
The purpose of this report is to give a presentation of the data collected from a series of test 
performed on 7 RC-frames in the Autumn 1996/Winter 1996-1997 at the structural laboratory 
at Aalborg University, Denmark. 
The 7 frames are tested in pairs of 2 giving 3 identical experimental set-ups and the last frame 
is used as spare/reference. Each of the 3 experimental set-ups are equipped with an extensive 
instrumentation measuring accelerations at all storeys and the base acceleration. Furthermore, 
after each damaging event is subjected to the frame a detailed inspection is performed of every 
structural component in the frames. 
The report is organized so that chapter 2-4 describe the design of the frames and how the 
frames and reference specimens are tested both non-destructive and destructive. In chapter 
5 it is described how various static tests are performed. Chapter 6 present the results of the 
non-destructive testing and chapter 7 results from the destructive strong motion experiments. 
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2 CHAPTER 1. INTROD UCTION 
Chapter 8 present results from material testing and static bending tests of the reference frame 
as well as the damaged frames. Finally chapter 9 presents the results of the visual inspections 
performed during the destructive strong motion experiments. Appendix A contains photos 
taking during the entire process from casting of the frames until the final visual inspection. 
Appendix B describes the metheodology used for generation of t he used ground motions in the 
shaking table tests. 
Chapter 2 
Definition of the test structure 
For the test series 7 reinforced concrete frames were casted one at a time since only one form 
was available. For each frame casting reference specimens were casted for determination of 
compression strength of the concrete used for each of the frames. In the following the design 
specifications of the frames and the reference specimens are described. 
2 .1 Frame st ructure 
All the 7 frames considered in the test series were constructed identically. The test frame 
considered is a 6-storey, 2-bay RC-frame. The dimensions of the test frame is 2400 by 3300 
mm. Corresponding to a "real" structure with dimensions 12 by 16.5 m. The test frame is 
build of 50 by 60 mm RC-sections reinforced with 6 mm KS410. A plane view of the test frame 
is shown in figure 2.1. The weight of each frame is ~ 2 kN. To model the storey deck, 8 RC 
beams (0.12*0.12*2.0m) are placed on each storey. The total weight per frame is then ~ 20 
kN. 
2 .1 .1 R einforcem e nt 
All longitudinal reinforcement used in the frame and reference specimens are of the type KS410 
(ribbed steel) with a characteristic (2% fractile) yield stress of 410 MPa. 
The amount of reinforcement used in each frame are listed in table 2.1. 
No. Type SIZe Thickness/ diameter 
24 KS41 0 2460 mm 6mm 
12 KS410 3300 mm 6mm 
12 fiat-steel, type1 50x60 mm 6mm 
1 fiat-steel, type2 50x60 mm 6mm 
2 fiat-steel 50x55 mm 6 mm 
3 fiat-steel 100x150 mm 10 mm 
Table 2.1: Amount of steel in each RC-frame. 
The steel used in each frame equal approximately 22 kg. 
3 
4 CHAPTER 2. DEFINITION OF THE TEST STRUCTURE 
2460 
60 
490 
60 
490 
60 
490 
60 
0 
0 
490 
"' "' 60 
490 
60 
490 
60 1140 60 60 
Figure 2.1: Plane view of test frames. 
To avoid overlapping longitudinal reinforcement giving uncontrolled changes in bending stiffness 
and strength the longitudinal reinforcement bars are ended with anchoring steel-plates welded 
to the reinforcement. 
2.1.2 Concrete 
The concrete used has a design compression strength of 25 MPa with a maximum aggregate 
diameter of 5 mm. For each frame is used approximately 80 1 concrete. 
2.1.3 Shear reinforcement 
The columns in the lower storey are reinforced for shear with 3mm steel thread (St37) which 
has been formed into spirals, see figure 2.3. 
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Figure 2.3: Shear reinforcement of columns in the lower storey. 
2.1.4 Beams and columns 
The dimensions of the beams and columns in the frame are constant all over the frame with 
outer measures of 50 x 60 mm. Columns are reinforced with 6!1l6 KS410 (ribbed steel) and 
beams with 4!1l6 KS410, see figure 2.4. 
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Figure 2.4: Cross-section of beam and columns. 
2.2 Reference specimens 
For determination of the strength and stiffness parameters of the concrete, 3 circular specimens 
with dimensions 100 · 200 compression tests of the concrete are casted. For determination of 
the strength and stiffness parameters of the reinforcement 3 reinforcement bars with length 500 
mm are tested in tension. The reference specimens are shown in figure 2.5. 
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End seclion view 
lOO mm 
Figure 2.5: Reference specimens. 
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To provide data for the reference stiffness and strength of the beams and columns in the frames 
one frame are produced to be cut into pieces as is the case for the frames that have been 
dynamically tested. These pieces are tested in the same way as the damaged parts. 
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2.3 Definition of frames 
In the tests described in this report three different experimental set-ups are considered. These 
set-ups are through-out the report referred to as AAUl , AAU2 and AAU3, respectively. Since 
each set-up consists of two frames which are instrumented independently, these are referred to 
as e.g. AAUl a and AAUlb. 
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Chapter 3 
Precalculations with SARCOF 
To obtain some guidelines for how the structure will be damaged at a certain earthquake 
magnitude a series of simulations are performed using the non-linear finite element programme 
~ARCOF which have been proven to predict the dynamic characteristics of deteriorating RC 
st1. -tures, M0rk [24]. The programme is based on the implementation of Roufaiel-Mayer 
hyster~.. · ~<: oscillators the different elements of the structure. The ground motions applied to 
the structt.. . ., is generated using amplitude modulated gaussian white noise filtered through a 
Kanai-Tajimi 1.'l-er. The programme is troughoutly described in M0rk [25]. 
3.1 Input paraJ.:'leters 
Since no compression or tension tt .... "« have been performed at the time of the preliminary 
SARCOF calculations, the material chaLl.Cteristics has to be roughly estimated for the analysis. 
In the calculations the cross-section characteristics shown in table 3.1 are used. 
fuc f er Ec My 
[10-6m4] [10-6m4] [~] [Nm] 
Column 1.12 0.48 35000 930 
Beam 1.00 0.41 35000 820 
Table 3.1: Characteristics of cross-sections. 
3.2 Determined dynamic characteristics 
Initially the SARCOF program calculates the damped two lowest eigenfrequencies and corre-
ponding mode shapes. In the calculations a damping of 0.05 is assumed in all modes. Since the 
frames will be partially cracked at the beginning of the tests , the eigenfrequencies and mode 
shapes are calculated for the undamaged uncracked and cracked structure. In the SARCOF 
program it is optional whether the P- 8 effect is taken into consideration and the frequencies 
of the structure is therefore calculated with and without t he P - 8 correction. The calculated 
frequencies for the uncracked and cracked structure are listed in table 3.2. 
From table 3.2 it is seen that the P-8 effect influence on the calculated frequencies seems to be 
relatively limited. 
9 
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!t !2 
[Hz) [Hz] 
Uncracked (without correction) 2.98 9.47 
Cracked (without correction) 1.93 6.13 
Uncracked (with correction) 2.96 9.43 
Cracked (with correction) 1.90 6.07 
Table 3.2: Calculated eigenfrequencies for the uncracked and cracked structure. 
In figure 3.1 the two lowest modes shapes are shown for the frame structure. 
6.----~-----, 
5.5 5.5 
5 5 
4 .5 4.5 
4 4 
3.5 3.5 
3 
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2 
1.5 1.5 
1 '-------":--~-::"-::--' 
-1 -0.5 0 0.5 
Figure 3.1: The two lowest mode shapes of the undamaged structure 
3.3 Time analysis 
To obtain some guidelines for how and how much the structure get damaged at different load 
levels 5 simulations with different load levels are performed. The load level are here defined by 
the maximum peak acceleration which have been proven to be highly correlated to the damage 
level of the structure. In each simulation the load time series are applied to the undamaged 
cracked structure. 
3.3.1 Generation of earthquake time series in SARCOF 
The acceleration process at the ground surface used in the precalculations are determined as 
the response process of a intensity modulated Gaussian white noise, filtered through a Kanai-
Tajimi filter, Tajimi [57). A Kanai-Tajimi filter can be visualized as a model of the dynamic 
response of a sediment layer subjected to earthquake excitations applied at the surface of an 
underlying bedrock, see figure 3.2a. The mass of the sediment layer is assumed to be infinitely 
large compared to the mass of the structure, and only a single mode with undamped circular 
eigenfrequency w0 and damping ratio ( 0 is considered in the modal expansion of the response 
of the sediment layer. The displacement of the earth surface r0 relative to the bedrock surface 
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b) 
Figure 3.2: Earthquake excitation model. a) Definitions of parameters. b) Mechanical analogy 
of Kanai-Tajimi filter. 
is then related to the bedrock acceleration rb by the differential equation 
(3.1) 
The bedrock acceleration process {rb(t) , t E [0 : oo[} is modelled as a time modulated unit 
Gaussian white noise process, i.e. 
rbdt = ,B(t)dW(t) (3.2) 
nv(t), t E [0; oo[} is a unit Wiener process, which is a Gaussian process with the increment 
properties 
(3.3) 
Realizations of the unit Gaussian white noise process are generated by the method of Ruiz and 
Penzien [38]. 
,8( t) is a deterministic intensity envelope function, defined as 
{ 
(tf 
,B(t) = f3o 1 
exp( -c(t - to- t1)) 
where {30 is a given amplitude. 
' 0 :::; t :::; t l 
, t1 :::; t :::; to + t1 
, to + t1 :::; t 
The acceleration at the ground surface is then given as 
where Rs is a two-dimensional amplitude vector. 
The structure is exposed to the five time series shown in figure 3.3. 
(3.4) 
(3.5) 
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Figure 3.3: The five simulated ground motions exposed to the structure. a) amax = 0 .83 · 9.82~ , 
b) amax = 1.04 · 9.82¥f, c) amax = 1.25 · 9 . 82 ~ , d) a max = 1.66 · 9.82¥f, e) amax = 2.48 · 9.82~ 
w0 = lOs-1 , ( 0 = 0.3, t0 = 10s, t 1 = 3s and c = 0.2 
3.3.2 Damage Assessment 
As a measure of damage the socalled maximum softening damage index 8M is used and it is 
defined as 
r _ 
1 
Tmax 
UM - ---
To 
(3.6) 
where T max is the maximum value of the lowest eigenperiod during the seismic event and T 0 is 
the initial eigenperiod of the undamaged structure. 
In figures 3.4-3.8 the top storey response and the development in the maximum softening are 
shown for the three cases. 
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Figure 3.4: Top storey response and development in softening for the first case. 5M = 0.09. 
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Figure 3.5: Top storey response and development in softening for for the second case. 5M = 0.27. 
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Figure 3.6: Top storey response and development in softening for the third case. 8M = 0.40. 
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Figure 3.7: Top storey response and development in softening for the fourth case. 8M = 0.56. 
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Figure 3.8: Top storey response and development in softening for the fifth case. 8M = 0.58. 
From the figures 3.4-3.8 the maximum softening is extracted and is listed for the five cases in 
table 3.3 
Case amax[g] 8M 
1 0.83 0.09 
2 1.04 0.27 
3 1.24 0.40 
4 1.66 0.56 
5 2.48 0.58 
Table 3.3: Maximum softenings obtained by SARCOF for different maximum peak accelerations. 
3.4 Concluding remarks 
From the numerical analysis performed in this chapter it can be concluded that the structure 
only will suffer minor damage for earthquakes with a peak acceleration less than 1g. On 
the other hand it seems as if the damage level increases quite dramatically when the peak 
acceleration reaches the interval 1 to 1.5 g. 
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Chapter 4 
Test set-up and conduction of dynamic 
tests 
4 .1 Shaking table 
The shaking table is constructed of two frames of HEB 160 steel profile. The two frames are 
connected by two linear leaders with a dynamic earring capacity of 9000 N per carriager. The 
force is produced by a 63 kN HBM cylinder with a ±20 mm displacement field. A schematic 
view of the shaking table is shown in figure 4.1. 
1200 ..... 1200 mm 
.......... 
Figure 4.1: Dimensions of shaking table. 
4.2 Experimental set-up 
The frames are tested in pairs of two where the same ground surface acceleration is applied to 
the two frames. T he frames are placed at the shaking table at a distance of 1000 mm and is 
stabilized in space by a steel cross at each end. 
17 
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Figure 4.2: Side view of experimental set-up. 
The hydraulic cylinder providing the base motions is controlled by a HBM computer system. 
In the connection between the shaking table and the hydraulic cylinder a load cell is placed to 
measure the actual cylinder force as a function of time. Furthermore, the cylinder is capable 
of measuring the cylinder displacements as function of time. 
4.2.1 Free Decay Tests 
Free decay tests with the frames was in case offrame AAU1 performed by applying a horizontal 
force at the top storey of the frame. This was done manually by means of a rope. 
For the structures AAU2 and AAU3 the pull-out of the top storey was changed to a set-up 
where a load-cell was used to measure the pull-out force, see figure 4.3. 
4.2.2 Instrumentation of frame AAUl 
Each storey of the left frame are instrumented with an accelerometer measuring the horizontal 
acceleration of the storey and the right frame are instrumented with an accelerometer at the 
2nd, 4th and 6th storey. Furthermore, the top storey of each of the frames are instrumented 
with a accelerometer which is analog double integrated on-line. To measure eventually rotations 
of the structure, the right frame is equipped with 2 accelerometers at the top storey measuring 
the "out-of-plane" movement of the frames. The total number of accelerometers are 14. The 
two last channels in the 16 channel data-logger system are used to measure the displacement 
4.2. EXPERIMENTAL SET-UP 
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Figure 4.3: Pull out arrangement used for free decay tests. 
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and the force provided by the hydralic cylinder. The exact location of the measuring devices 
are shown in figure 4.4 and the number and type of transducers are shown in table 4.1. 
\ 
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181 Accelerometer 12 Ch~mnel no. fl=acceleration u=displRcemeol 181 Accelerometer 12 Channel no. a=acceleration u- diBpla.cemenl 
Figure 4.4: Instrumentation ofthe right and left frame in set-up AAUl. 
Channel Response Type Calibration 
1 Force HBM 10V=63kN 
2 Displacement HBM 10V=20mm 
3 Acceleration BK8306 0.991 V /ms-2 
4 Acceleration BK8306 0.989V /ms-2 
5 Acceleration BK8306 0. 994V /ms-2 
6 Acceleration BK4370 Variable 
7 Acceleration BK4370 -
8 Acceleration BK4370 -
9 Acceleration BK4370 -
10 Displacement BK4370 -
11 Displacement BK4370 -
13 Acceleration BK4371 -
14 Acceleration BK4371 -
12 Acceleration K8304B2 956mV/g 
15 Acceleration K8304B2 963mV /g 
16 Acceleration K8304B2 1027mV/g 
Table4.1: The used transducers and calibrationfactorsfor frame AAUl. BK=Briiel and Kjcer1 
K =Kistler. 
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4.2.3 Instrumentation of frames AAU2 and AAU3 
After the shaking table tests with frame AAU1 the instrumentation of the test frames were 
changed so all storeys at both the right and left frame were equipped with an accelerometer 
measuring the horizontal acceleration. Due to the experiences from the tests with frame AAU1 
the entire set-up was changes in a manner that prevented the frame from making any rotat ional 
movements and the accelerometers used in the transverse direction was moved to measure 
horizontal accelerations at the right frame. 
The exact location of the measuring devices on frame AAU2 and AAU3 are shown in figures 
4.5 and the number and type of transducers are shown in table 4.2. 
~a@) -·® 
-·@ -·® 
~a@ -·® 
--'""a@ - ·® 
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~ a@ - ·0 
18! Accelerometer 12 Channel no. 
F igure 4.5: Instrumentation of the right and left frame for set-up AAU2 and AAU3. 
4.2.4 Data aquisition system 
All transducers are connected to a 16-channel HBM data acquisition system where data from 
all channels are sampled momentary with a rate of 150 Hz. 
4.3 Data processing 
4.3.1 Time integration 
In order to evaluate the displacements or velocities from measured accelerat ion time-series, 
one or two time-integrations of the acceleration response becomes necessary. In reality, how-
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Channel Response Type Calibration 
1 Force HBM 10V=63kN 
2 Displacement HBM 10V=20mm 
3 Acceleration BK8306 9.86V /g 
4 Acceleration BK8306 9.80V / g 
5 Acceleration BK4370 l.OOV /ms-2 
6 Acceleration BK4370 l.OOV /ms-2 
7 Acceleration BK4370 l.OOV /ms- 2 
8 Acceleration BK4370 l.OOV /ms- 2 
9 Acceleration BK4370 l.OOV /ms- 2 
10 - - -
11 Acceleration K8304B2 1027mV /g 
13 Acceleration K8304B2 963mV/g 
14 Acceleration K8304B2 956mV/g 
12 Acceleration K8304B2 1008mV /g 
15 Acceleration K8304B2 963mV/g 
16 Acceleration K8304B2 963mV /g 
Table 4.2: The used transducers and calibration factors. BK=Briiel and Kjcer) K=Kistler. 
ever, measured acceleration data contain spurious response components caused by 1) uncon-
trolled phenomenas associated with the structure/system under study and 2) the measure-
ment/recording system itself. These spurious components of the record, called noise, can sig-
nificantly alter the character of the velocity and displacement histories obtained by succesive 
integration. 
This process was intensively studied by Stephens [54] and he concluded that if the noise filled 
acceleration signal was used uncritically very misleading results may be obtained. Stephens [54] 
suggested that the acceleration signal was bandpassfiltered to cut very low and high frequencies 
components out of the signal before integration. After the first integration the velocity response 
was obtained and a new bandpassfiltering were performed before the last integration to obtain 
the displacement response. The suggested procedure to get from acceleration response to 
displacement response is illustrated in figure 4.6. 
4.3.2 Estimation of Storey Force-Deformation Curves 
From the acceleration measurement at each storey the force-deformat ion curve can be est imated 
for each storey. In the following a short review of a method for estimation of these from storey 
acceleration measurements of frame structures is given. 
Stephens [54] used a relative simple method to estimate the interstorey force-displacement 
curve using acceleration response information. This method works in three steps. The lateral 
restoring force are calculated in a spring-mass model of the structure using the acceleration 
data. The corresponding deformations are obtained from the displacement response which is 
obtained from noise treatening and integration of the acceleration data. The force-deformation 
response is estimated from this information using a least squares interpolation technique. 
Using a multi degree of freedom mass-spring model assigned one lateral degree of freedom at 
each measuring point (storey), where the storey mass is lumped. This is illustrated in figure 
4.7. 
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Figure 4.6: The procedure to transform acceleration response to displacement response. From 
Step hens. 
F(t) 
a) Spring-mass model b) Free body diagram 
Figure 4.7: Simple spring-mass model. 
The dynamical equilibrium expression will then be on the form 
N 
Fi(t) = 2:: mixi(t) ( 4.1) 
j=i 
for each interval between the storeys. Fi(t) is the restoring force in the storey below mass i, N 
is the total number of masses, mj is the mass of storey j and Xj(t) is the measured absolute 
acceleration at storey j. The restoring forces can the be calculated inserting the measured 
accelerations into eq. 4.1. 
The deformation at each storey are calculated by taking t he difference of the corresponding 
storey displacements obtained from integration of the measured accelerations. 
The force-deformation response between adjacent masses of the structure is then estimated by 
a polynomial piecewise paired force and deformation histories, see figure 4.8. 
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Figure 4.8: Piecewise paired force and deformation giving the force-deformation curve. 
I should be noted, that this method is only effective for structures where the relative displace-
ment directly displays the deformation behaviour as in the case of frame structures as illustrated 
in figure 4.9. 
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Figure 4.9: Relative displacement versus deformation response of frame and shear wall structure 
4.3.3 Examples with simulated data 
To illustrate some of the problems discussed in this section, two examples are given , where 
"perfect data" has been generated by the programme SARCOF, and some artificially generated 
noise has been added. In the first example the problems connected with integrating noisefilled 
signals it illustrated, and in the second example the need for the piecewise interpolation of the 
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force and displacement time series is illustrated. 
Example 1: Integration of noise filled acceleration signal 
Consider the two acceleration time series illustrated in figure 4.10. The signal in figure 4.10a 
is perfect noiseless and without trend and the signal shown in figure 4.10b is noisefilled with a 
slight trend. 
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Figure 4.10: Acceleration time series, a) Noisefree and detrended and b) Noisefilled and trended. 
It is seen from the presented example, that even little noise and a very sligt trend in the signal 
can cause a severe drift in the signal. 
Example 2: Piecewise interpolation of the force-deformation curve 
Even after the integration and filtration performed in the previous example, inaccuracies and 
noise makes the obtained restoring force timehistory and interstorey displacement time history 
unsuitable for direct plotting of the force-deformation curve. Consider the noise filled force 
and displacement time histories shown in figure 4.12 (generated with a noise-to-signal ratio 
~ = 0.05. If the noise filled signals is used direct ly for plotting the force-deformation curve, 
Cl,s tgnal 
the result as shown at figure 4.13b is obtained and compared to the correct curve in figure 4.13a 
it is seen that it is practically useless due to the large fluctuations. 
If however, the piecewise interpolation is used, a much better result as shown in figure 4.14b is 
obtained. 
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Figure 4.11: Displacement realisations obtained by direct integration of a) noise free and de-
trended data, and b) using noise poluted and trended data. 
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Figure 4.12: Noise filled restoring force and interstorey displacement time series. 
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Figure 4.14: Force-deformation curves. a) Correct, b) Force-deformation curve obtained using 
the piecewise interpolated force and deformation curves. 
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Chapter 5 
Conduction of static tests 
5.1 Material testing 
For both reinforcement and concrete and appropriate number of reference samples was stored 
for determination of material parameters. The purpose of this section is to explain the used 
techniques used for testing of these reference experiments. 
5.1.1 Compression tests of concrete specimens 
The 100 by 200 mm standard concrete reference specimens were tested in two stages. Initially 
the modulus of elasticity was evaluated by placing a deformation transducer on the specimen 
and apply a compression load with a maximum amplitude of 40 per cent of the expected 
compression capacity of the concrete. Next the deformation transducer was removed and the 
specimen was loaded all the way up to fracture of the concrete and the maximum compression 
strength of the concrete was determined. 
5.1.2 Tension tests of reinforcement steel 
The 500 mm steel specimens was tested in a standard tension apparature for reinforcement 
bars. During the tests corresponding values of deformations and force are measured and the 
modulus of elasticity and the yield strength can be determined. 
5.2 "Cut up" of test frame 
After the dynamic tests are performed on all test frames the frames are cut in to pieces consisting 
of half beams and columns. The "cut up" and the used labels for each test specimen are 
mustrated in figure 5.1. 
5 .3 Static tests on reference and damaged specimens 
Each of the half beams and columns are after the dynamic tests statically tested and the 
bending stiffness are evaluated for all elements in the structure. At the same time the reference 
specimens are tested so the damage of each element in the structure can be evaluated. The 
experimental set -up for the static testing are shown in figure 5.2. 
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Figure 5.2: Schematical set-up of static testing of reference and damaged specimens. 
Chapter 6 
Non-destructive testing 
In this chapter the results of t he non-destructive testing of the frames in the virgin state and 
after each earthquake are presented. Each of the frames is before strong motions are applied 
subjected to various loadings in the linear range to provide data for modal identificat ion of the 
virgin structure. Furthermore, free decay tests and weak mot ion testing are performed after 
each earthquake to provide "clean" data for identification of the damaged structure. The data 
from the weak motion testing is not presented in this report but are stored on the enclosed 
CD-ROM. The various filenames can be found in table 6.1. 
Each frame are subject to the following: 
• Free decays from 3 pull-outs in bending (see figure 6.1a). 
• Free decays from 3 pull-outs in rotation (see figure 6.1b). 
• Weak earthquake excitation with earthquake type a and intensity of 1% of the signal 
shown in figure 6.2. 
• Weak earthquake excitation with earthquake type b and intensity of 1% of the signal 
shown in figure 6.2. 
• Weak earthquake excitation with earthquake type c and intensity of 1% of the signal 
shown in figure 6.2. 
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Figure 6.1: Pull-out of the frame in a) bending and b) rotation. 
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The purpose of applying the weak earthquake ground motions is to provide structural response 
time series generated using different types of ground motions. Main emphasis is put on pro-
viding data that allow identification of the structure and data where t he ground motions are 
nonstationary in both amplitude and frequency content, to provide basis for investigation of the 
influence of the type of ground motions to the accuracy of the identification. All data presented 
here can be found in electronic form on the enclosed CD-ROM. 
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Figure 6.2: The three applied earthquake types scaled to maximum amplitude of 20 mm. 
The name of the files for frame number one are shown in table 6.1 
Name Case 
fdLbOl.dat Free decay in the plane, No. 1. 
fd1_b02.dat Free decay in the plane, No. 2. 
fd1 _b03.dat Free decay in the plane, No. 3. 
fdLrOl.dat Free decay in rotation, No. 1. 
fd1_r02.dat Free decay in rotation, No. 2. 
fd1_r03.dat Free decay in rotation, No. 3. 
wmLtaOl.dat Type a earthquake with intensity 1%. 
wmLtbOl.dat Type b earthquake with intensity 1%. 
wmLtcOl.dat Type c earthquake with intensity 1%. 
Table 6.1: File names for the data from non-destructive testing of frame AA Ul in the virgin 
state. 
Due to the previous mentioned changes in the experimental set-up the rotational pull-out tests 
were left out for frame AAU2 and AAU3. For frames number 2 and 3 the file names will only 
change on the third character which will be 2 and 3, respectively. 
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In the free decay tests the frames are subject to a pull-out in bending and one in rotation in 
order to give data for identification of the bending as well as the rotation modes. 
6.1 Data Processing 
All data presented in this chapter are detrended in order to remove any trends in the signals. 
6.2 Non-destructive testing of frame AAUl 
In this section some selected results of the non-destructive tests are shown for frame AAUl. 
6.2.1 Free decay tests 
In this section t he free decay tests performed on the undamaged structure and the the damaged 
structure after each earthquake are shown. Due to a minor hydraulic accident the undamaged 
structure was exposed to a impulse loading where no measurements was performed. ..,his 
impulse loading incurred minor damage into the structure giving a change in the frequent es. 
In figure 6.3 the free decay test performed before the accident is shown and in figure 6.4 t '·e 
free decay test after the accident is shown. 
The free decay test time series was analyzed using an AutoRegressive Vector model (ARV) anc. 
the modal parameters shown in table 6.2 was obtained. 
State !1 [Hz] h [Hz] (1 [%] (2 [%] 
Undamaged before impulse 1.95 6.57 2.9 1.7 
Undamaged after impulse (series 1) 1.65 5.79 3.9 1.8 
After EQ1 1.58 5.62 3.8 2.2 
After EQ2 1.32 5.01 4.5 2.2 
Table 6.2: Estimated modal parameters for frame AA Ul. 
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Left frame, File="fd1_bOO.dat", Channel 9 
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Figure 6.3: Measured accelerations from pull-out test of undamaged frame AAUl before impulse 
loading. 
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Left frame, File="fd1 _018k.dat", Channel 9 
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Figure 6.4: Measured accelerations from pull-out test of "undamaged" frame AAUl after im-
pulse loading. 
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Left frame, File="fd1 _b04.dat", Channel 9 
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Figure 6.5: Measured accelerations from pull-out test of frame AAUl after EQl. 
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Figure 6.6: Measured accelerations from pull-out test of frame AAUl after EQ2. 
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6.3 Non-.destructive testing of frame AAU2 
In this section some selected results of the non-destructive tests are shown for frame AAU2. 
6.3.1 Free decay tests 
Right frame, File="fd2_b03.dat", Channel 16 
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Figure 6.7: Measured accelerations from pull-out test of undamaged frame AAU2. 
The free decay test time series was analyzed using an AutoRegressive Vector model (ARV) and 
the modal parameters shown in table 6.3 was obtained. 
State ft (Hz] h [H z] ( t [%] (2 [%] 
Undamaged 2.15 6.95 1.7 1.4 
After EQ1 1.79 6.13 2.9 2.5 
After EQ2 1.48 5.38 3.8 2.9 
Table 6.3: Estimated modal parameters for f rame AA U2. 
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Figure 6.8: Measured accelerations from pull-out test of frame AAU2 after EQl. 
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Right frame, File="fd2_b05.dat", Channel16 
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Figure 6.9: Measured accelerations from pull-out test of frame AAU2 after EQ2. 
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6.4 Non-destructive testing of frame AAU3 
In this section some selected results of the non-destructive tests are shown for frame AAU3. 
6.4.1 Free decay tests 
Right frame, File="fd3_b01.dat•, Channel 16 
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Figure 6.10: Measured accelerations from pull-out test of undamaged frame AAU3. 
The free decay test time series was analyzed using an AutoRegressive Vector model (ARV) and 
the modal parameters shown in table 6.4 was obtained. 
State fi (Hz] h [Hz] (I[%] (z [%] 
Undamaged 2.25 7.27 1.5 1.0 
After EQl 1.97 6.39 2.4 1.9 
After EQ2 1.73 5.67 3.2 2.4 
After EQ3 1.41 4.55 4.6 3.2 
Table 6.4: Estimated modal parameters fo r frame AA U3. 
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Right frame, File="fd3_b07.dat", Channel16 
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Figure 6.11: Measured accelerations from pull-out test of frame AAU3 after EQl. 
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Right frame, File="fd3_b10.dat•, Channel16 
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Figure 6.12: Measured accelerations from pull-out test of frame AAU3 after EQ2. 
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Rightframe, File=="fd3_b13.dat", Channel16 
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Figure 6.13: Measured accelerations from pull-out test of frame AAU3 after EQ3. 
Chapter 7 
Destructive testing 
In this chapter data collected during and after strong motions have been applied to the structure 
are presented. The three frames AAUl, AAU2 and AAU3 are in the destructive testing exposed 
to three sequential earthquakes of increasing magnitude called EQ1a, EQ2a and EQ3a in the 
case where an earthquake of type a is applied, see figure 6.2. 
After each run, i.e. EQ1a, EQ2a etc. non-destructive testing og the frame are performed in 
order to provide data for evaluation of t he modal parameters of the damaged structure. The 
non-destructive tests are: 
• Free decay test from pull-outs in bending (see figure 6.1a). 
• Free decays test from pull-outs in rotation (see figure 6.1b). 
• Weak earthquake excitation with the same earthquake type as used in the strong motion 
run. 
The files with the data from the strong motion and the non-destructive testing are named as 
shown in table 7 .1. 
Name Case 
sm 1 _25a. dat Strong motion earthquake EQ1 (type a) with intensity of 25 % of maximum 
fdLb04.dat Free decay in the plane, No. 4. after EQ1 
fdLr04.dat Free decay in rotation, No. 4. after EQ1 
wmL1al.dat Weak motion earthquake of type a with intensity 1%. After EQl. 
smL50a.dat Strong motion earthquake EQ2 (type a) with intensity of 50 % of maximum 
fdLb05 .dat Free decay in t he plane, No. 5. after EQ2 
fdLr05.dat Free decay in rotation, No. 5. after EQ2 
wmL1a2.dat Weak motion earthquake of type a with intensity 1%. After EQ2. 
smL75a.dat Strong motion earthquake EQ3 (type a) with intensity of 75 % of maximum 
fdLb06.dat Free decay in the plane, No. 6. after EQ3 
fdLr06.dat Free decay in rotation, No. 6. after EQ3 
wmL1a3.dat Weak motion earthquake of type a with intensity 1%. After EQ3. 
Table 7.1: File names for the data from destructive and non-destructive testing. Frame AAUJ. 
As for the files containing data from the non-destructive testing in the virgin state the names 
will only change on the third character to 2 and 3 for frame AA U2 and AA U3, respectively. 
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7.1 Results for frame AAUl 
The structure AAUl was exposed to three sequential earthquakes (type a) of increasing mag-
nitude. In the figures 7.1-7.5 the data sampled from one of the frames in set-up AAU1 during 
the three runs are presented. Figures 7.1 and 7.2 shows storey accelerations, cylinder force 
and cylinder displacements during EQl. In the same manner figures 7.3 and 7.4 show the data 
collected during EQ2 and figures 7.5 and 7.6 the data collected during EQ3. 
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Figure 7.1: Measured accelerations during EQl for frame AAUl. 
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F igure 7.2: Measured shaking table displacement and cylinder force during EQl for frame 
AAUl. 
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Left frame, File="sm1_50a.dat", Channel 9 
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Figure 7.3: Measured accelerations during EQ2 for frame AAUl. 
Hydraulic cylinder force, File="sm1_50a.dat", Channel1 
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Figure 7.4: Measured shaking table displacement and cylinder force during EQ2 for frame 
AAUl. 
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Left frame, File="sm1 _75a.dat", Channel 9 
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Figure 7.5: Measured accelerations during EQ3 for frame AAUl. 
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Figure 7.6: Measured shaking table displacement and cylinder force during EQ3 for frame 
AAUl. 
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7 .1.1 Processed data 
This section presents processed data where top-storey displacements have been found using t he 
procedures described in section 4.3 and frequency developments . The frequency estimation is 
described in Kirkegaard et al. [16]. 
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~ _::~:-[ ~---L..._______j___t___---L...___==• ==l 
Top storey displacement during EQ2 
!0 ~~-~l 
~ -0.05 '-- - ---J..-----''-------'------'-----'-------'j 
Top storey displacement during EQ3 
~ o~l-~ .. AAAAAAII~AA_ J 
~ - 0.05 ~- - - V V V ,v V V V V V ~ V V V j 
'-- --~------~-----~----~--------'-----~ 
0 5 10 15 20 25 30 
Timet [s] 
Figure 7.7: Top storey displacements during EQ1, EQ2 and EQ3. 
During the integration process where displacements are obtained a butterworth 6th order high-
pass digital filter with a cut-off frequency of 0.5 Hz and a butterworth 8th order low-pass digital 
filter with a cut-off frequency of 20 Hz have been used. 
The estimated eigenfrequency development during the three earthquakes are shown in figures 
7.8-7.10. 
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Figure 7.8: Development of eigenfrequencies in first and second mode during EQl. 
The maximum softenings during the three runs are shown in table 7 .2. 
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Figure 7.9: Development of eigenfrequencies in first and second mode during EQ2. 
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Figure 7.10: Development of eigenfrequencies in first and second mode during EQ3. 
fmin 1 [Hz] fmin2 [Hz] 0M,1 0M2 ' 
EQl 1.42 5.28 0.27 0.20 
EQ2 1.19 4.71 0.38 0.28 
EQ3 0.96 4.37 0.51 0.33 
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Table 7.2: Estimated minimum frequencies and maximum softenings during the three earth-
quakes. 
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7.2 Results for frame AAU2 
Test structure AAU2 were exposed to two sequential earthquakes (type a) of increasing mag-
nitude. The data sampled from one of the two frames are shown in the figures 7.11-7.14. 
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Figure 7.11: Measured accelerations during EQl for frame AAU2. 
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Figure 7.12: Measured shaking table displacement and cylinder force during EQl for frame 
AAU2. 
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Right frame, File='sm2_ 40a.dat", Channel 16 
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Figure 7.13: Measured accelerations during EQ2 for frame AAU2. 
Hydraulic cylinder force, File="sm2_ 40a.dat", Channel 1 
Hydraulic cylinder displacement, Channel 2 
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Figure 7.14: Measured shaking table displacement and cylinder force during EQ2 for frame 
AAU2. 
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7.2.1 Processed data 
This section presents processed data where top-storey displacements, frequency developments 
and force-deformation curves have been found using the procedures described in section 4.3. 
Top storey displacement during EQ1 
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Figure 7.15: Top storey displacements during EQ1 and EQ2. 
During the integration process where displacements are obtained a butterworth 6th order high-
pass digital filter with a cut-off frequency of 0.5 Hz and a butterworth 8th order low-pass digital 
filter with a cut-off frequency of 20 Hz have been used. 
The estimated development in eigenfrequencies during t he two runs are shown in figures 7.16-
7.17. 
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Figure 7.16: Development of softening in first and second mode during EQl. 
fmin 1 [Hz] fmin 2 [Hz] DM,l DM,2 
EQ1 1.76 6.00 0. 18 0.14 
EQ2 1.46 5.28 0.32 0.24 
Table 7.3: Estimated minimum frequencies and maximum softenings during the three earth-
quakes. 
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Figure 7.17: Development of softening in first and second mode during EQ2. 
Figure 7.18 show the force-deformation curves obtained for each storey during EQ1 and figure 
7.19 show the force-deformation curves obtained for the storeys during EQ2. 
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Figure 7.18: Force-deformation curves during EQl for frame AAU2. 
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Figure 7.19: Force-deformation curves during EQ2 for frame AAU2. 
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7.3 Results for frame AAU3 
Test structure AAU3 was exposed to three sequential strong motion sequences of type b. The 
recorded data during the three sequences are shown in the figures 7.20-7.25. 
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Right frame, File="sm3_1 Ob.dat", Channel16 
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Figure 7.20: Measured accelerations during EQ l for frame AAU3. 
Hydraulic cylinder force, File="sm3_10b.dat", Channel1 
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Figure 7.21: Measured shaking table displacement and cylinder force during EQl for frame 
AAU3. 
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Figure 7.22: Measured accelerations during EQ2 for frame AAU3. 
Hydraulic cylinder force, File="sm3_20b.dat", Channel 1 
; 1:~M"": """"""I 
-10L---------------------~------~~----L -- ~ -----~------_J· 
x 10-3 Hydraulic cylinder displacement, Channel2 
i :~,___----1 
-5L---------------------~-- --~-- -- --L-- -- ~------~------~ 
0 5 10 15 20 25 30 
Timet (s] 
61 
Figure 7.23: Measured shaking table displacement and cylinder force during EQ2 for frame 
AAU3. 
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Right frame, File="sm3_35b.dat", Channel16 
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Figure 7.24: Measured accelerations during EQ3 for frame AA U3. 
Hydraulic cylinder force, File="sm3_35b.dat", Channel 1 
Hydraulic cylinder displacement, Channel 2 
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Figure 7.25: Measured shaking table displacement and cylinder force during EQ3 for frame 
AAU3. 
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7.3.1 Processed data 
This section presents processed data from AAU3 where top-storey displacements, frequency 
developments and force-deformation curves have been found using the procedures described in 
section 4.3. 
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Figure 7.26: Top storey displacements during EQl, EQ2 and EQ3. 
During the integration process where displacements are obtained a butterworth 6th order high-
pass digital filter with a cut-off frequency of 0.5 Hz and a butterworth 8th order low-pass digital 
filter with a cut-off frequency of 20 Hz have been used. 
The development in the two lowest eigenfrequencies during the three sequences are shown in 
figures 7.27-7.29, respectively. 
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Figure 7.27: Development of softening in first and second mode during EQl. 
In table 7.4 the minimum values of the eigenfrequencies are listed along with the corresponding 
maximum softenings. 
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Figure 7.28: Development of softening in first and second mode during EQ2. 
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Figure 7.29: Development of softening in first and second mode during EQ3. 
fmin 1 [Hz] fmin2 [Hz] bM1 ' 8M2 ' 
EQ1 1.97 6.39 0.12 0.15 
EQ2 1.73 5.67 0.24 0.22 
EQ3 1.41 4.55 0.37 0.41 
Table 7.4: Estimated minimum frequencies and maximum softenings during the three earth-
quakes. 
Chapter 8 
Results of reference tests and static 
bending tests 
In this chapter the results of the reference tests of the used materials and the static bending 
tests of parts from undamaged as well as damaged frames are presented. 
8.1 Compression tests of reference concrete specimens 
For each frame three circular concrete specimens as illustrated in figure 2.5 were casted and 
was at the same day as the strong motion dynamic tests loaded until failure in a standard 
compression test. The purpose of these tests is to determine the compression strength fc and 
the initial modulus of elasticity E0 . 
The results of the tests for all concrete specimens are shown in table 8.1. 
8.2 Tension tests of reference steel specimens 
As in the case of the concrete, reference specimens of the used steel for reinforcement of the 
frames were stored. Since all the steel used for longitudinal reinforcement is from the same 
collections of steel only a total of three samples were collected. Ther purpose of testing the 
reference specimens is to determine the modulus of elasticity Es, the yield strength f sy and the 
ultimate strength f su· 
8.2.1 Longitudinal reinforcement steel 
All steel used for longitudinal reinforcement are KS410 with a diameter of 6 mm. Three samples 
were collected and the results of the tension tests are shown in table 8.2. 
In figure 8.1 the force-deformation curves for the steel samples are shown. 
8.3 Static bending tests of beams and columns 
The purpose of performing static bending tests of the different beams and columns of the frames 
is to obtain a measure of the damage state of the members of the structures. Due to symmetry 
only the outer columns and beams in one side of the frame and the center columns are tested. 
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Specimen f c [MPa) Eo [MPa) 
AAU1a-1 20.2 -
AAUla-2 20.9 -
AAUla-3 20.5 16900 
AAUlb-1 19.6 -
AAUlb-2 21.0 -
AAUlb-3 19.7 19200 
AAU2a-1 22.6 -
AAU2a-2 21.7 -
AAU2a-3 22.2 20000 
AAU2b-1 22.7 -
AAU2b-2 23.0 -
AAU2b-3 22.9 21600 
AAU3a-1 21.6 -
AAU3a-2 21.7 -
AAU3a-3 22.3 20200 
AAU3b-1 22.6 -
AAU3b-2 22.0 -
AAU3b-3 20.7 18200 
AAU4-1 22.8 -
AAU4-2 27.1 -
AAU4-3 24.9 20800 
Table 8.1: Determined characteristics of the concrete for the f rames. 
Specimen fsy [MPa] fsu [MPa) Es [~] 
1 535 642 2.003 
2 535 644 1.842 
3 542 650 2.013 
Table 8.2: Determined characteristics of the longitudinal reinforcement. 
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Figure 8.1: Force deformation curves for the steel specimens. 
8.3.1 Results of Static bending tests 
In this section the results of the static bending tests are presented. From figure 5.1 it is seen 
that in general five types of test specimens are available after the frame are cut into pieces. 
These five types are illustrated in figure 8.2. An adequate number of each of these five types 
of test specimens are tested from the undamaged frame, and the obtained force-deformation 
curves serves as references. 
Type I Type II Type III 
-
Type IV Type V 
I I n 
-
Figure 8.2: The five types of test specimens. 
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Undamaged reference frame 
Force-deformation curves obtained for the beams and columns of the four different types of test 
specimens are shown in figure 8.3. 
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Figure 8.3: Force deformation curves obtained for the columns and beams in the five different 
types of test specimens. 
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Frame AAU2 
The force-deformation curve obtained for each of the half-beams and half-columns in frame 
AAU2 are shown in figures 8.4-8.6. 
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Figure 8.4: Force-deformation curves for the center columns obtained from the static tests. 
Frame AAU2. 
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Figure 8.5: Force-deformation curves for the outer columns obtained from the static tests. 
Frame AAU2. 
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Figure 8.6: Force-deformation curves for the beams obtained from the static tests. Frame 
AAU2. 
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Frame AAU3 
The force-deformation curve obtained for each of the half-beams and half-columns in frame 
AAU3 are shown in figures 8.7-8.9. 
8.3. STATIC BENDING TESTS OF BEAMS AND COLUMNS 
Lower part, "r7 _17 _2.dat" , 6th storey 
1.5 .------~--.....--,..-----~---, 
z1 
6 
a... 0.5 
z1 
6 
z1 
6 
a... 0.5 
z1 
6 
a... 0.5 
z1 
6 
"r7_ 14_2.dat", 5th storey 
"r7 _11_2.dat", 4th storey 
"r7 _08_2.dat" , 3rd storey 
"r7 _05_2.dat", 2nd storey 
"r7 _02_2.dat", 1st storey 
1.5 ,.---~-~~--~---, 
z1 
6 
0.5 1 1.5 
u [mm] 
2 
Upper part, "r7 _20_ 4.dat", 6th storey 
1.5 .----~--~--~~--, 
1 
0.5 
0 
"r7 _17 _ 4.dat", 5th storey 
1.5 
1 
0.5 
0 
"r7 _14_ 4.dat" , 4th storey 
1.5 
1 
0.5 
0 
"r7 _11 _ 4.dat", 3rd storey 
1 
"r7 _08_ 4.dat", 2nd storey 
"r7 _05_ 4.dat", 1st storey 
1 
0.5 
0.5 1 1.5 2 
u [mm] 
75 
Figure 8. 7: Force-deformation curves for the center columns obtained from the static tests. 
Frame AAU3. 
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Figure 8.8: Force-deformation curves for the outer columns obtained from the static tests. 
Frame AAU3. 
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Figure 8.9: Force-deformation curves for the beams obtained from the static tests. Frame 
AAU3. 
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Chapter 9 
Results of visual inspection after each 
run 
In this section the result s of the visual inspection of the frames are presented. The inspection is 
performed by scanning the structure with a magnification glas and each time a crack is observed 
it is marked by a pencil and photos are taken. 
9.1 Definition of used classifications 
After each series of ground motions the structure is throughout visually examined and the 
damage state of each storey of the building is classified into one of the following 6 classifications: 
Undamaged (U), Cracked (CR) , Lightly Damaged (LD), Damaged (D), Severly Damaged (SD) 
or Collapse (CO). Each of the 6 classifications are defined in table 9 .1. 
I Category I Definition 
Undamaged No external sign of changed integrity of any of 
UD the columns or beams in the storey 
Cracked Lightly cracking observed in several members 
CR but no permanent deformation 
Lightly Dam. Severe cracking observed with minor permanent 
LD deformations 
Damaged Severe cracking and locally large permanent 
D deformations observed. 
Severely Dam. Large permanent deformations observed and 
SD spalling of concrete at some members 
Collapse Very large permanent deformations observed 
CO and severe spalling of concrete at several members 
Table 9.1: Definition of the 6 damage classifications used. 
9.2 :Frame AAUl 
The frame AA U1 was exposed to three sequential earthquake like ground motion of type a, see 
figure 6.2 and the visual damage assessment was performed after each of these. T he results of 
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the visual damage assessment are shown in table 9.2 
Storey EQ1 EQ2 EQ3 
1 UD CR SD 
2 CR LD CO 
3 CR LD CO 
4 UD CR LD 
5 UD CR CR 
6 UD CR CR 
Table 9.2: Damage classifications after the three earthquake events for frame AA Ul. 
As indicated in table 9.2 only a few cracks was found in the structure after the first earthquake. 
The cracks was concentrated at the connections between columns and beams in the second and 
third storey. At the remaining storeys small cracks was found. After the second earthquake 
extensive crack growth was observed in the lower part of the frame and localized crushing 
of concrete at node 2 and 5 was observed. During the third earthquake damage developed 
dramatically in the second and third storey and after approximately 10 seconds of excitation 
these two storeys collapsed. Photos of the collapsed structure are shown in figures A.ll-A.l2. 
9.3 Frame AAU2 
The frame AA U2 was exposed to two sequential earthquake like ground motion of type a, see 
figure 6.2, and the visual damage assessment was performed after each of these. The results 
of the visual damage assessment are shown in table 9.3. Furthermore, photos of all nodes 
taken after the last strong motion event are stored on the enclosed CD-ROM. Cracks that were 
present in the undamaged virgin structure are marked with pencil-grey, after the first strong 
motion event with a red lines and after the second strong motion event with blue lines. A 
review of the photos are given in black and white in figure A.16. 
Storey EQ1 EQ2 
1 CR LD 
2 CR D 
3 CR LD 
4 UD CR 
5 UD CR 
6 CR CR 
Table 9.3: Damage classifications after the two earthquake events for fram e AA U2. 
Before strong motion testing the structure was examined and shear cracks were found in the 
beams at the first, t hird and sixth storey. 
After the first earthquake only a limited amount of micro crack were observed at the three 
lower storey and the top storey. T he crack were largest and most dense in the nodes at the 
first and second storey. At the remaining storeys only small cracks was found. After the second 
earthquake extensive crack growth was observed in the lower part of the frame and localized 
crushing of concrete at node 2 and 5 was observed. Also in the beams at the top storeys shear 
cracks became longer. 
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9.4 Frame AAU3 
The frame AA U3 was exposed to three sequential earthquake like ground motion of type b, 
see figure 6.2 and the visual damage assessment was performed after each of these. The results 
of the visual damage assessment are shown in table 9.4. Furthermore, photos of all nodes 
taken after the last strong motion event are stored on the enclosed CD-ROM. Cracks that were 
present in the undamaged virgin structure are marked with pencil-grey, after the first strong 
motion event with a red lines, after the second strong motion event with green lines and after 
the third with blue lines. A review of the photos are given in black and white in figure A.17. 
Storey EQl EQ2 EQ3 
1 CR LD D 
2 CR D LD 
3 CR LD LD 
4 CR LD D 
5 CR LD D 
6 CR CR CR 
Table 9.4: Damage classifications ajte1· the three earthquake events for frame AA U3. 
Before strong motion testing the structure was examined and shear cracks were found in the 
beams at the first and sixth storey. 
After the first earthquake only micro crack were observed at the three lower storey and the top 
storey. The crack were largest and most dense in the nodes at the third, fourth and fifth storey. 
At the remaining storeys generally only small cracks were found. After the second earthquake 
extensive crack growth was observed at the nodes in the fourth and fifth storey. Furthermore, 
several shear cuts (horizontal cracks) were observed in the columns at the third, fourth and fifth 
storey. After the third earthquake crack growth were observed in all storeys and furthermore 
crushing of concrete were seen at the center node in the first, fourth and fifth storey. 
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Chapter 10 
Summary 
In this report the results from a series of shaking table tests performed on 6-storey model test 
RC-frames tested at the Structural Laboratory at Aalborg University, Denmark are presented. 
In the study a total of 3 experimental set-ups were tested. The structures are instrumented 
with accelerometers at all storeys and at the shaking table. Before strong motion sequences 
are applied to the structures free decay tests are performed at different excitation levels to 
provide data for modal identification of the undamaged structure. Two or three sequences of 
strong motions of increasing magnitude were applied to each of the structures and acceleration 
t ime series at all storey were collected. In between the strong motion events and after the 
last one free decays as well as static tests were performed as for the undamaged structure. 
After each strong motion event all cracks were marked with pens of different colours and after 
the termination of the dynamic tests pictures were taken off all nodes, where the cracks were 
located. When the test structures was taken down one of the frames in the set-up was cut 
into smaller specimens and each beam and column was statically tested in order to evaluate 
the reduced bending stiffness. These stiffnesses were compared to stiffnessess obtained from a 
reference frame. 
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Appendix A 
Photos 
In this appendix photos taken during the process of construction and testing of the frames. 
A.l The construction process 
Figure A.l: The form used for construction of the frames. 
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Figure A.2: Detail of reinforcement . 
Figure A.3: Pouring and vibration of concrete. 
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Figure A.4: The frame and form after pouring and vibrating of concrete. 
Figure A.5: Data aquisition system. 
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Figure A.6: Undamaged structure before testing. AAUl. 
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A.2 Destructive testing and damage evaluation 
Figure A.7: Cracks in node 5 after EQl. AAUl. 
Figure A.8: Cracks in node 6 after EQl. AAUl. 
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Figure A.9: Cracks in node 5 after EQ2. AAUl. 
-
Figure A.lO: Cracks in node 6 after EQ2. AAUl. 
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Figure A.ll: Collapsed structure after EQ3. AAUl. 
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Figure A.l2: Collapsed structure after EQ3. AAUl. 
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A.3 Static Testing 
Figure A.l3: Photo of the cutting. 
Figure A.l4: Photo of the static test setup. 
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Figure A.l5: Photo of the data acqusition system used for the static tests. 
A.4. VISUAL INSPECTION OF AAU2 AND AAU3 99 
A.4 Visual inspection of AAU2 and AAU3 
100 APPENDIX A. PHOTOS 
Figure A.l6: Photos of all nodes in AAU2 after the last earthquake. 
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Figure A.17: Photos of all nodes in AAU3 after the last earthquake. 
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Appendix B 
File Data Sheets 
In this appendix the data sheets of all files are listed wit h all calibration factors, date of tests 
etc. 
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Data sheet no. 1. 
Frame: AAU1 
Date: 111096 
Sampling rate: 150 Hz 
Number of points: 3000 
Valid for the files: 
fdLbOO.dat 
Ch. Amp. LFL UFL Comments 
1 10V /63kN - -
2 10V /20mm - -
3 1V /ms-2 0.2 Hz 1 kHz BK8306 
4 1V/ms-2 0.2 Hz 1kHz BK8306 
5 1 V /ms-2 0.2 Hz 1kHz BK8306 
6 1 V /ms-2 0.2 Hz 1kHz BK4370 
7 1 V /ms-2 0.2 Hz 1kHz BK4370 
8 lV /ms- 2 0.2 Hz 1kHz BK4370 
9 lV /ms-2 0.2 Hz 1kHz BK4370 
10 lV/mm 1Hz 1kHz BK4370 
11 lV/mm 1Hz 1kHz BK4370 
12 0.956V /ms- 2 - - K8304B2 
13 1 V /ms- 2 0.2 Hz 1kHz BK4371 
14 1 V /ms-2 0.2 Hz 1kHz BK4371 
15 0.963V /ms-2 - - K8304B2 
16 1.027V /ms-2 - - K8304B2 
Table B.l : Data sheet 1. 
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Data sheet no. 2. 
Frame: AAUl 
Date: 25I096 
Sampling rate: 150 Hz 
Number of points: 5000 
Valid for the files: 
fdLbO l.dat 
fdLb02.dat 
fdLb03.dat 
fdLrOl.dat 
fdLr02.dat 
fdl_r03 .dat 
fdLr04.dat 
fdLb04.dat 
fdl _r05.dat 
fdl _b05.dat 
Ch. Amp. LFL UFL Comments 
I lOV /63kN - -
2 10V/20mm - -
3 IV /ms-2 0.2 Hz 1kHz BK8306 
4 1 V / ms-2 0.2 Hz I kHz BK8306 
5 lV /ms-2 0. 2 Hz I kHz BK8306 
6 lV /ms-2 0.2 Hz I kHz BK4370 
7 I V /ms-2 0.2 Hz I kHz BK4370 
8 IV /ms-2 0.2 Hz I kHz BK4370 
9 I V / ms-2 0.2 Hz I kHz BK4370 
10 lV/mm 1 Hz 1kHz BK4370 
11 lV/mm 1Hz 1kHz BK4370 
12 0.956V /ms-2 - - K8304B2 
13 1 V /ms-2 0.2 Hz 1kHz BK4371 
14 1 V / ms-2 0.2 Hz 1kHz BK4371 
I5 0.963V /ms- 2 - - K8304B2 
I6 1.027V / ms-2 - - K8304B2 
Table B.2: Data sheet 2. 
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Data sheet no. 3. 
Frame: AAUl 
Date: 251096 
Sampling rate: 150 Hz 
Number of points: 6000 
Valid for the files: 
wmLtaOl.dat 
wmLtbOl.dat 
wmLtcOl.dat 
wmLlal.dat 
wmLla2.dat 
Ch. Amp. LFL UFL Comments 
1 lOV /63kN - -
2 10V/ 20mm - -
3 lV /ms-2 0.2 Hz 1kHz BK8306 
4 lV /ms- 2 0.2 Hz 1kHz BK8306 
5 lV / ms- 2 0.2 Hz 1kHz BK8306 
6 lV /ms- 2 0.2 Hz 1kHz BK4370 
7 lV /ms-2 0.2 Hz 1kHz BK4370 
8 lV /ms-2 0.2 Hz 1kHz BK4370 
9 lV /ms- 2 0.2 Hz 1kHz BK4370 
10 lV/ mm 1Hz 1kHz BK4370 
11 lV/mm 1Hz 1kHz BK4370 
12 0.956V /ms-2 - - K8304B2 
13 1 V /ms-2 0.2 Hz 1kHz BK4371 
14 lV /ms-2 0.2 Hz 1kHz BK4371 
15 0.963V /ms-2 - - K8304B2 
16 1.027V /ms- 2 - - K8304B2 
Table B.3: Data sheet 3. 
Frame: 
Date: 
Sampling rate: 
Number of points: 
Valid for the files: 
Data sheet no. 4. 
AAUI 
28I096-041196 
I50 Hz 
6000 
smL25a.dat 
Ch. Amp. 
I IOV /63kN 
2 IOV /20mm 
3 I V /ms-2 
4 1V /ms-2 
5 1V /ms-2 
6 1V /ms-2 
7 IV /ms- 2 
8 IV /ms- 2 
9 IV /ms- 2 
10 0.1V/mm 
11 0.1V/mm 
12 0.956V /ms-2 
13 lV /ms- 2 
14 1 V /ms- 2 
15 0.963V /ms- 2 
16 1.027V /ms-2 
LFL UFL 
- -
- -
0.2 Hz 1kHz 
0.2 Hz I kHz 
0.2 Hz 1kHz 
0.2 Hz 1kHz 
0.2 Hz 1kHz 
0.2 Hz I kHz 
0.2 Hz 1kHz 
I Hz 1kHz 
I Hz 1kHz 
- -
0.2 Hz 1kHz 
0.2 Hz 1kHz 
- -
- -
Table B.4: Data sheet 4. 
Comments 
BK8306 
BK8306 
BK8306 
BK4370 
BK4370 
BK4370 
BK4370 
BK4370 
BK4370 
K8304B2 
BK4371 
BK4371 
K8304B2 
K8304B2 
I07 
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Data sheet no. 5. 
Frame: AAU1 
Date: 281096-041196 
Sampling rate: 150 Hz 
Number of points: 6000 
Valid for the files: 
smL50a.dat 
smL75a.dat 
Ch. Amp. LFL UFL Comments 
1 10V /63kN - -
2 10V/20mm - -
3 1V /ms-2 0.2 Hz 1kHz BK8306 
4 1V/ms-2 0.2 Hz 1kHz BK8306 
5 1V /ms-2 0.2 Hz 1kHz BK8306 
6 1 V /ms-2 0.2 Hz 1kHz BK4370 
7 1V /ms-2 0.2 Hz 1kHz BK4370 
8 1 V /ms-2 0.2 Hz 1kHz BK4370 
9 1V /ms-2 0.2 Hz 1kHz BK4370 
10 0.0316V /mm 1Hz 1kHz BK4370 
11 0.0316V /mm 1Hz 1kHz BK4370 
12 0.956V /ms-2 - - K8304B2 
13 1V /ms- 2 0.2 Hz 1kHz BK4371 
14 IV / ms-2 0.2 Hz 1kHz BK4371 
15 0.963V /ms-2 - - K8304B2 
16 1.027V /ms-2 - - K8304B2 
Table B.5: Data sheet 5. 
Frame: 
Date: 
Sampling rate: 
Number of points: 
Valid for the files: 
D ata sheet no . 6. 
AAU2 
051296-121296 
150Hz 
5000 
fd2_b0l.dat 
fd2_b02.dat 
fd2_b03.dat 
fd2_b04.dat 
fd2_b05.dat 
fd2_b06.dat 
fd2_b07.dat 
fd2_b08.dat 
Ch. Amp. 
1 10V /63kN 
2 10V/20mm 
3 1 V /ms-2 
4 1V /ms-2 
5 1V /ms- 2 
6 1 V /ms-2 
7 1V /ms-2 
8 1V /ms-2 
9 1 V /ms- 2 
10 -
11 1.027V / ms- 2 
12 0.963V /ms-2 
13 0.956V /ms-2 
14 1.008V / ms-2 
15 0.963V /ms-2 
16 0.963V / ms-2 
LFL UFL 
- -
- -
- Hz -
- Hz -
0.2 Hz 1kHz 
0.2 Hz 1kHz 
0.2 Hz 1kHz 
0.2 Hz 1kHz 
0.2 Hz 1kHz 
- -
- -
- -
- -
- -
- -
- -
Table B.6: Data sheet 6. 
Comments 
BK8306 
BK8306 
BK4370 
BK4370 
BK4370 
BK4370 
BK4370 
-
K8304B2 
K8304B2 
K8304B2 
K8304B2 
K8304B2 
K8304B2 
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Frame: 
Date: 
Sampling rate: 
Number of points: 
Valid for the files: 
APPENDIX B. FILE DATA SHEETS 
Data sheet no. 7. 
AAU2 
051296-121296 
150Hz 
6000 
wm2_ta05.dat 
wm2_tb05.dat 
wm2_tc05. dat 
sm2_20a.dat 
sm2AOa.dat 
Ch. Amp. 
1 lOV /63kN 
2 10V/20mm 
3 IV /ms-2 
4 lV/ms-2 
5 lV /ms- 2 
6 lV /ms-2 
7 1 V /ms-2 
8 lV /ms-2 
9 lV / ms- 2 
10 -
11 1.027V /ms- 2 
12 0.963V /ms-2 
13 0.956V /ms-2 
14 1.008V /ms-2 
15 0.963V /ms- 2 
16 0.963V /ms- 2 
LFL UFL 
- -
- -
- Hz -
- Hz -
0.2 Hz 1kHz 
0.2 Hz 1kHz 
0.2 Hz 1kHz 
0.2 Hz 1 kHz 
0.2 Hz 1kHz 
- -
- -
- -
- -
- -
- -
- -
Table B. 7: Data sheet 1. 
Comments 
BK8306 
BK8306 
BK4370 
BK4370 
BK4370 
BK4370 
BK4370 
-
K8304B2 
K8304B2 
K8304B2 
K8304B2 
K8304B2 
K8304B2 
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